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Abstract
The gene for pro-opiomelanocortin (POMC), a common precursor of melanocortins, lipotropins and L-endorphin, was
isolated in the chicken first among avian species. The chicken POMC gene was found to be a single copy gene and appeared
to show the same structural organization as that of other species of different classes. The predicted POMC displayed the
highest identity to Xenopus POMC(A) (60.1%), and consisted of 251 amino acid residues with nine proteolytic cleavage sites,
suggesting that it could be processed to give rise to all members of the melanocortin family, including adrenocorticotropic
hormone and K-, L- and Q-melanocyte-stimulating hormones, as well as the other POMC-derived peptides. RT-PCR analysis
detected the POMC mRNA in the brain, adrenal gland, gonads, kidney, uropygial gland and adipose tissues, each of which
has been demonstrated to express melanocortin receptors. These results suggest that melanocortins act in a paracrine and/or
autocrine manner to control a variety of functions both in the brain and in the peripheral tissues in the chicken. ß 1999
Elsevier Science B.V. All rights reserved.
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1. Introduction
Pro-opiomelanocortin (POMC) is a polyprotein
hormone precursor which contains sequences of sev-
eral peptide hormones independently possessing bio-
logical activity, including melanocortins, lipotropins
and L-endorphin. These peptide hormones are gen-
erated through a series of ordered proteolytic clea-
vages at paired basic residues of POMC, displaying
cell type speci¢c patterns [1]. The POMC gene is ex-
pressed mainly in the anterior and intermediate lobes
of the pituitary and in the arcuate nucleus of the
hypothalamus, and at a lower level also in a wide
variety of peripheral tissues and of brain regions in
mammals [1,2].
Mammalian melanocortins, including adrenocorti-
cotropic hormone (ACTH) and K-, L-, and Q-mela-
nocyte-stimulating hormones (MSH), have a broad
array of physiological actions both in the central
nervous system and in the peripheral tissues [2], cor-
relating well with their localization and that of mel-
anocortin receptors [2,3]. Two endogenous antago-
nists of melanocortin receptors, Agouti [4^7] and
Agouti-related protein/Agouti-related transcript
[8,9], have been proven to participate in the regula-
tory mechanisms in which melanocortins are in-
volved. Thus, great progress has been made over
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the years in the understanding of the molecular
mechanisms of melanocortin actions in mammals.
Little is known about avian melanocortin systems.
Recently, we have isolated all ¢ve subtypes of mel-
anocortin receptors in the chicken [10^14]. Based on
the tissue distribution of their expression, melanocor-
tins have been suggested to a¡ect a variety of func-
tions both in the brain and in the peripheral tissues
in the chicken as in mammals. It remains unclear,
however, which melanocortin(s) could be generated
by processing of POMC, and the source of the mel-
anocortin(s) acting in the tissues expressing melano-
cortin receptors in the chicken, for avian POMC
gene has not yet been isolated and its pituitary gland
does not possess a distinct intermediate lobe, the
main source of circulating K-MSH in most verte-
brates [2]. Elucidation and further understanding of
melanocortin systems in birds require the character-
ization of POMC gene. Consequently, the present
study was designed to isolate the chicken POMC
gene. In addition, the tissue distribution of POMC
expression was investigated by reverse transcription
(RT)-polymerase chain reaction (PCR) analysis.
We describe here for the ¢rst time the cloning and
tissue distribution of expression of an avian POMC
gene.
2. Materials and methods
2.1. Preparation of probe
DNA fragments encoding a part of the chicken
POMC gene were obtained by PCR using genomic
DNA of a White Leghorn chicken as a template. The
degenerate primers corresponding to two regions
conserved among all known POMC, K-MSH4ÿ10
(Met-Glu-His-Phe-Arg-Trp-Gly) and the segment
preceding and N-terminal portion of L-endorphin
(Lys-Arg-Tyr-Gly-Gly-Phe-Met), were ATGGA(G/
A)CA(T/C)TT(T/C)(A/C)GITGGGG and CAT(G/
A)AAICCICC(G/A)TAIC(G/T)(T/C)TT, respectiv-
ely, where inosine residues are expressed by (I).
The PCR was carried out using an AmpliTaq Gold
DNA polymerase (Perkin Elmer, USA) and a ther-
mal cycler (Gene Amp PCR System 9600, Perkin
Elmer). The conditions for the PCR were as follows:
after activation of the DNA polymerase by incubat-
ing for 9 min at 95‡C, 40 cycles of reactions includ-
ing denaturation for 30 s at 95‡C and extension for
1 min at 60‡C were performed, followed by addition-
al extension for 10 min at 60‡C. The ampli¢ed DNA
fragments were subcloned into pGEM3Zf(+) (Prom-
ega, USA) and sequenced. Dideoxynucleotide se-
quencing was performed using £uorescent primers
and an automated DNA sequencer (Applied Biosys-
tems 373A). The PCR-derived clone, designated as
pcrcPOMC, was 273 bp in length and contained a
part of a coding sequence 54.5, 52.4, and 65.9% iden-
tical to that of the reported human [15], bovine [16],
and Xenopus (A) [17] POMC gene, respectively (data
not shown). This clone was used as a probe in this
experiment.
2.2. Genomic Southern blotting
Ten Wg of genomic DNA prepared from 10 day
embryos of Rock Cornish chicken were digested
with restriction enzymes and the resulting products
were electrophoresed on a 1.0% agarose gel, trans-
ferred onto a nylon membrane Hybond-N (Amer-
sham, UK), and subjected to Southern blot analysis.
The pcrcPOMC was radiolabeled using a Random
Primer DNA labeling Kit ver.2 (Takara, Japan)
and [K-32P]dCTP (Amersham, UK) and used as a
probe. The blot was hybridized at 60‡C for 20 h in
a solution containing 6USSC, 5UDenhardt’s solu-
tion, 0.1% SDS, and denatured herring sperm
DNA (100 Wg/ml). After the ¢nal wash (2USSC/
0.1% SDS at 60‡C for 30 min), the blot was exposed
to a RX-U X-ray ¢lm (Fuji Photo Film, Japan) for
48 h at 380‡C with double intensifying screens.
2.3. Cloning and sequencing
A genomic clone for the chicken POMC was iso-
lated from a White Leghorn DNA library cloned
into V-FIX II (Stratagene, USA) using pcrcPOMC
as a screening probe. The inserts of positive clones
were isolated and further characterized by restriction
maps and Southern blotting. One of the positive
clones showed the same restriction pattern as ob-
served in the genomic Southern blotting. A 5292 bp
HindIII/BamHI fragment of the clone was subcloned
into pGEM3Zf(+) and sequenced. Sequence analysis
was carried out using GENETYX software. This se-
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quence is available from DDBJ, EMBL, and Gen-
Bank data libraries under accession No. AB019555.
2.4. RT-PCR analysis
Total RNAs were prepared from various tissues of
adult White Leghorn chickens using the guanidinium
thiocyanate/cesium chloride method [18]. Two Wg of
each total RNA were reverse transcribed using a
SuperScript II reverse transcriptase (Gibco BRL,
USA) according to the manufacturer’s directions.
One tenth aliquot of reactions was used in each
PCR using speci¢c primers for POMC or glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH). The
primers for POMC were ATGCTGGGAGAACAG-
CAAGTGCC and CATGGGGTAACTCTCAGCC-
GACT, and should produce 1239 and 426 bp prod-
ucts from genomic and complementary DNA of the
chicken POMC, respectively. The sequences of
GAPDH primers were described elsewhere [13]. The
PCRs were carried out as described above with the
exception that the cycle number of the reactions was
43. One tenth aliquot of each reaction was electro-
phoresed on a 2.0% agarose gel, stained with ethidi-
um bromide, and photographed under ultraviolet il-
lumination. The gel was subsequently transferred
onto a Hybond-N and subjected to Southern blot
analysis using pcrcPOMC as a probe. Labeling and
detection of the probe were carried out using an ECL
Random Prime Labeling and Detection system
(Amersham, UK) according to the manufacturer’s
directions. The ampli¢ed cDNA fragments were
subcloned into pGEM3Zf(+) and sequenced.
3. Results and discussion
Genomic Southern blot analysis was performed at
low stringent conditions to examine whether or not
POMC gene exists in the chicken genome as a single
copy gene, since some species such as mouse [19] and
Xenopus [17,20] possess two non-allelic POMC genes.
As shown in Fig. 1, pcrcPOMC, a chicken POMC
probe, hybridized with a single species of DNA frag-
ments in each digestion with restriction enzymes, in-
dicating that those bands represent the chicken
POMC gene and that there are no other genes dis-
playing high similarity with the probe. Judging from
the result, the chicken genome was concluded to con-
tain only one POMC gene.
Using the pcrcPOMC as a screening probe, a ge-
nomic clone for POMC was obtained from a DNA
library of the White Leghorn chicken. The structural
organization of the chicken POMC gene is schemati-
cally presented in Fig. 2. The chicken POMC gene
was found to encode a 251 amino acid protein,
whose sequence was separated by a 817 bp intron
starting with GT and ending with AG, in agreement
with the GT/AG rule for exon/intron boundaries. All
known POMC genes from other species consist of
three exons, and the genomic DNA information for
POMC is all contained within exon 3, with the ex-
ception that N-terminal 43 or 44 amino acid residues
including the signal peptide are located on exon 2 [2].
It is likely that this pattern is true for the chicken
POMC gene, although exon 1 encoding the 5P £ank-
ing sequence remains to be identi¢ed in the chicken.
The intron of the chicken POMC was small in size in
comparison to intron B of other species (e.g., 2.2,
2.9, and 2.9/2.4 kb in bovine, human, and Xenopus
(A/B), respectively), and contained a CR1 repetitive
element which is dispersed throughout the chicken
genome and possesses several features associated
with the LTRs of avian retroviruses [21]. No typical
poly(A) signal was recognized within the region 1482
Fig. 1. Detection of POMC-related genes in the chick genome
by Southern blotting. Genomic DNA (10 Wg) was digested with
EcoRI (lane 1), BamHI (lane 2), PstI (lane 3), or HindIII (lane
4) and subjected to a Southern blot analysis using pcrcPOMC
as a probe. The locations of HindIII-digested VDNA fragments
are shown at left.
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bp downstream from the translation stop codon
TGA; however, there was a relatively common var-
iant ATTAAA, which occurs in 10% of poly(A) sites
[22].
The alignment of the predicted amino acid se-
quence of the chicken POMC with that of various
species is shown in Fig. 3. A high degree of conser-
vation was observed within the region corresponding
to the pro-Q-MSH/Q-MSH, ACTH/K-MSH, L-MSH
and L-endorphin. Considerable variations, on the
other hand, were found in the region between
Q-MSH and ACTH/K-MSH and the N-terminal por-
tion of L-/Q-lipotropin, both of which are thought to
play only a minor or no physiological role [2]. Con-
servation of all nine dibasic cleavage sites suggests
that the chicken POMC could be processed to give
rise to all members of the melanocortin family, in-
cluding ACTH and K-, L-, and Q-MSH, as well as
Fig. 2. Schematic representation of the gene and the predicted protein structure of the chicken POMC. (A) Partial structural organiza-
tion of the chick genomic DNA encoding POMC. Restriction endonuclease cleavage sites are indicated (E, EcoRI; B, BamHI; P,
PstI; H, HindIII; S, SphI; X, XhoI). The coding regions for POMC are indicated by hatched boxes. The thick black bar and solid ar-
rowheads show the positions of pcrcPOMC probe and RT-PCR primers, respectively, used in this study. (B) Structure of the predicted
chicken POMC. The positions of the peptides probably generated by processing of the POMC are indicated. The open arrowheads
and a shaded circle indicate the dibasic cleavage sites and a putative N-linked glycosylation site, respectively.
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lipotropins and L-endorphin. In the rat and mouse,
in contrast to other mammals, neither Q3-MSH nor
Q-lipotropin can be further processed into its shorter
fragments (Q-MSH or L-MSH), since Arg at position
63 (Arg63) is replaced by Pro, and Lys184 is replaced
respectively by Asp (mouse) and Ala (rat) [2]. Sim-
ilarly, peptide sequencing of the ostrich L-lipotropin
isolated from anterior pituitaries has suggested that
Fig. 3. Alignment of the predicted amino acid sequence of the chicken POMC with that of di¡erent species. The chicken POMC se-
quence is compared to the human [15], bovine [16], rat [33], Xenopus (A) [17] and white sturgeon [34] POMC. Identities with the
chicken POMC are indicated by dots. Missing residues are shown by bars. The open and solid arrowheads indicate the conserved cys-
teine residues which form disul¢de bridges [35] and a putative N-linked glycosylation site, respectively. The dibasic cleavage sites of
POMC are marked by shading. The component peptides are indicated by overlines. The position of the N terminus of pro-Q-MSH re-
lates to the chicken sequence according to the previous report [24]. CLIP, corticotropin-like intermediate lobe peptide; LPH, lipotro-
pin; EP, endorphin.
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it could not be processed into L-MSH, due to the
replacement of the paired basic residues preceding
L-MSH by Lys-Glu [23]. Therefore, a species di¡er-
ence in POMC processing seems to occur in aves as
in mammals, and L-MSH might play only a minor, if
any, physiological role in both classes, aves and
mammals.
The partial protein sequence of the chicken POMC
including N-terminal POMC, the joining peptide and
ACTH has recently been reported, which was ob-
tained by peptide sequencing of N-terminal POMC
peptides as well as by deducing from RT-PCR-am-
pli¢ed cDNA sequences [24]. Comparison of the ami-
no acid sequence revealed that the reported sequence
contained two amino acid substitutions (His96 was
replaced by Arg, and Glu100 by Asp) and one amino
acid deletion (His112). Presumably these sequence dif-
ferences may represent polymorphism of the POMC
molecule, although the report does not describe the
breed of the chicken used in the experiments. These
sequence di¡erences were located near or on the join-
ing peptide. Furthermore, the triplet GCG (Ala109),
TCA (Ser110) and CCC (Pro111) located on the join-
ing peptide were replaced respectively by GTG,
TCG, and CCA in the reported sequence. These ob-
servations suggest that the region is a hot spot for
mutation, and that the joining peptide plays only a
minor or no physiological role in the chicken.
POMC molecules from most species are glycosyl-
ated. In the chicken pituitaries, the Asn90 has been
shown to be N-glycosylated with a carbohydrate
structure of the oligomannose 5 type and two more
complex structures, and the Ser70 is unlikely to be O-
glycosylated [24], while Thr at the corresponding po-
sition (at position 71) is glycosylated in the human
and bovine POMC [2]. Interestingly, the amino acid
residue at position 84 located on Q-MSH was Asn in
the chicken, where Asp is conserved in mammals. It
has been demonstrated that mammalian Q-MSH se-
lectively activates melanocortin 3 receptor, and that
the Asp is responsible for the selectivity of the Q-
MSH for the receptor [25]. Pharmacological analysis
is required; however, the speci¢city of Q-MSH for
melanocortin receptors might be di¡erent between
chickens and mammals. Noteworthy, a homology
search on a SwissProt protein database revealed the
highest similarity of the chicken POMC to Xenopus
POMCs (60.1 and 58.9% for POMC(A) and (B), re-
spectively), where the identity of other amphibian
species was similar to that of mammalian species,
ranged from 52.1 to 56.3%.
The tissue distribution of POMC expression in
adult chickens is shown in Fig. 4. The POMC
mRNA (as a 426 bp cDNA fragment) was detected
in many tissues examined, and its expression level
varied with tissue types, although the RT-PCR tech-
nique is essentially qualitative. Higher expression lev-
els of the POMC mRNA were detected in the brain,
adrenal, ovary, and adipose tissues. Moderate levels
were observed in the kidney and testis, while very
low levels could be detected in uropygial glands.
Those POMC-expressing tissues have been demon-
strated to express melanocortin receptors in the
chicken [12^14], suggesting that melanocortins act
in a paracrine and/or autocrine manner to control
some functions in those tissues of the chicken.
The physiological signi¢cance of avian K-MSH re-
mains uncertain as their pituitary glands lack a dis-
tinct intermediate lobe. Whether K-MSH is e¡ec-
tively secreted and endowed with physiological
functions in POMC-expressing tissues identi¢ed
here awaits further analysis; however, the present
results provide the possibility that K-MSH could be
produced in a wide variety of tissues in the chicken.
Fig. 4. RT-PCR analysis of POMC mRNA expression in vari-
ous tissues of adult chicken. An electrophoretic pattern and a
Southern blot of each PCR reaction using cDNA from various
tissues or genomic DNA as a template are shown. In each case,
a 100 bp ladder used as a molecular marker is indicated at left.
A faint band with the length of 317 bp is observed in the heart.
Sequence analysis revealed it to be an artifact of PCR.
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In mammals, POMC-derived peptides are produced
in most of the tissues expressing melanocortin recep-
tors [1^3], and some of those tissues have been
shown to secrete K-MSH exerting paracrine and/or
autocrine e¡ects [26^29]. The peripherally adminis-
trated K-MSH or a synthetic analogue of K-MSH
induces skin darkening in humans [30,31], yet hypo-
physectomized mice retain darkly pigmented hair
[32]. Besides birds, some mammalian species includ-
ing humans also lack the intermediate lobe of the
pituitary [2]. These anatomical and physiological ob-
servations together with our present ¢ndings lead to
the speculation that most of the proposed functions
assigned for K-MSH in higher vertebrates might be
modulated by locally produced K-MSH via paracrine
and/or autocrine mechanisms in vivo. The intermedi-
ate lobe of the pituitary is the primary secretory
gland of circulating K-MSH involved in physiological
color change in lower vertebrates, but the main phys-
iological roles of the gland might have altered during
evolution toward animals bearing feathers or hair.
To obtain more insight into the evolutionary process
of K-MSH systems and to verify these hypotheses, it
should be necessary to locate the expression of
POMC and melanocortin receptors in lower verte-
brates.
In conclusion, the present study determined the
primary structure of the chicken POMC by deducing
from its genomic sequence, and demonstrated that
the chicken POMC is expressed in the brain and in
a wide variety of peripheral tissues, where melano-
cortins possibly a¡ect numerous functions by para-
crine and/or autocrine mechanisms. The molecular
cloning of the chicken POMC should open a new
avenue to study the regulatory mechanisms in which
melanocortins are involved in aves.
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